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1, Multiple Trans i t ions  i n  Various Polymer Systems 
We heve obtained t h e  thermal expans iv i t ies  between about 20 and 120'K f o r  t e n  
of our poiya ikyi  methacrylates (PANAj (studied e a r l i e r  a t  l i q u i d  nitrogen tempera- 
tures), a o l y  4-methyl pentene-1 (P4W1), a 49: 51 ethylene-propylene copolymer (E-"), 
and seve ra l  palyvinyl alkyl e the r s  (WAE). The overlap between t h e  l i q u i d  nitroqen 
(T  = llO°K) and helium da ta  l eads  t o  mr,ximum discrepancies of t h e  order of 20% i n  
t h e  higher PAMA's and s i m i l a r l y  f o r  t he  PVAE's, 
> 
i n  PPIXA t h e  l i n e a r  expansion coe f f i c i en t  a' i s  near ly  constant (30.1 X 10- -4 /0C)  
up t o  6 0 ° ~ ,  increasing t h e r e a f t e r  by a f a c t o r  of 3 over an i n t e r v a l  of 35' and 
centered around 83°K. 
longer s i d e  chain methacrylates, on t h e  o the r  hand, a' increases  monotonically up 
No f u r t h e r  r e l axa t ion  region up t o  200'K i s  evident.  I n  t h e  
t o  4OoK, then remains approximately constant and is  followed by a t r a n s i t i o n  region 
betueen 80 and llO°K, depending on t h e  polymer. Its magnitude increases  w i t h  f l e x i -  
b i l i t y  i n  t h e  s ide  chain. It would be i n t e r e s t i n g  t o  see whether o r  not t h e  above 
nonotonic increase  has i t s  counterpart i n  PVMA. This would r equ i r e  measurements 
below 20°K. The p la t eau  region i s  absent i n  t h e  hexyl and o c t y l  polymers, but,  
su rp r i s ing ly ,  reappears i n  decyl. Here a l s o  Aa' i s  smaller than  f o r  t h e  lower 
niembers of t h e  s e r i e s  suggesting, as a t  higher temperatures, an e f f e c t  due t o  s ide  
chaiil o r d e r h g .  The existence of t h e  t r a n s i t i o n s  noted here i s  cons is ten t  with 
mechanical arid proton sp in  re laxa t ions  observed by o thers .  
Pj+!9P1 behaves i n  a similar fashion as t h e  PAblA, including t h e  i n i t i a l  increase  
and a c l e a r  t r a n s i t i o n  region centered a t  88OK, but with a l a r g e r  a'. 
copolymer a t r a n s i t i o n  appears a t  as low a temperature as 56'K, lower than we 
I n  t h e  E-P 
should have expected on t h e  b a s i s  of t h e  y - t r ans i t i on  i n  polyethylene. 
The genera l  p a t t e r n  i s  similar for  t h e  C2 t o  C8 e t h e r s  investi-gated. The 
four e t h e r s  explored exh ib i t  a re laxa t ion  region at 58 - 6 0 O ~  and a f u r t h e r  one 
around 95 t o  105'K. We intend t o  examine t h i s  region f u r t h e r  by means of dynamic 
c 
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measurements, It i s  noteworthy t o  coRtrast t h e  c h a r a c t e r i s t i c  S r i t t l e n e s s  of these  
polymers with t h e i r  a b i l i t y  t o  undergo t r a n s i t i o n s  o r  r e l axa t ions ,  r e l a t e d  t o  t h e i r  
side chains.  
- 2. Equation of  S t a t e  Proper t ies  
The approach sketched i n  t h e  June Report has been pursued, The equation of 
s t a t e  obtained by combining a hard sphere model with an a t t r a c t i v e  term of a p a r t i -  
cu l a r  form and based on Fur th ' s  theory does not l ead  t o  s a t i s f a c t o r y  r e s u l t s  i n  t h e  
range of d e n s i t i e s  of i n t e r e s t  here and does not present ly  encourage extension 
t o  chain l i q u i d s  and polymers. Hence it i s  being discontinued. 
We intend t o  r eve r t  t o  t h e  free volume - hole theory described i n  e a r l i e r  
r epor t s  and t h e  results obtained i n  co l labora t ion  with V, S, Nanda and Th. Somcynsky. 
The following aspec ts  merit  consideration: a) A comparison of t h e  theory - experiment 
r e l a t i o n s h i p  f o r  "true" monomer ( r a the r  than  argon) versus polymer l i q u i d s .  Thc 
s e r i e s  benzene, phenyl oligomers provides s u f f i c i e n t  experimental da ta .  Possdbly 
some polyphenyl results s u i t a b l e  f o r  our purposes are <also ava i l ab le ,  or we may 
ourselves cl-nsider appropriate measurements i n  t h e  fu tu re ;  b )  A consideration of 
t h e  GiSbs-diMarzio model, as modified by t h e  ideas of hvloacnnin - Simha and of 
Eisenberg, incorporated properly i n t o  our equation of s t a t e  treatment;  c )  A r ev i s ion  
of our bas i c  model t o  incorporate configurational p rope r t i e s  of t h e  polymer chain i n  
d e r i v i r g  an equation of state. 
t echn ica l  mat te rs  but a l s o  on ex terna l  circumstances i n  t h e  coming year.  
The pursu i t  of t h i s  progr'm depends not only on 
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b r  Personai 
R .  A. Haldon completed a successful two years '  postdoctoral  s t a y  i n  September 
and re turned  t o  B r i t a i n  t o  j o i n  ICI's research  l a b o r a t o r i e s  i n  Pontypool. 
A f t e r  completing h i s  stay at t he  !Jeizmann I n s t i t u t e  as Kennedy ?4emorial 
Foundation Senior Fellow, R .  Simhrr i s  spending t h e  cur ren t  semester on a B r i t i s h  
Research Council award at t h e  Dcpartaent of Chemistry, The University of M'mchester, 
while on leave  from USC. H e  i s  returning i n  February t o  j o i n  Case Western Reserve 
University. 
